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PREFACE 

A Lo«fer Ataosphere Rasearch Satellite (LARS) Prograst has 
been identified by the Environaental Observation Division of 
NASA's Office of Space and Terrestrial Applications as a potential 
initiative. An exploratory study was starts in the spring of 
1980 by the Boulder, Colorado office of the Universities Space 
Research Associati<m (USRA) to explore the need for and feasibility 
of su^ a new research satellite program for the intensive 
study of the lower atmosi^ere (the troposphere and Ice^r 
stratosphere) . The first phase of our investigation has been 
to e^lore the priorities for scientific investigation of the 
lower a^wsphere during the next decade. The required data will, 
of course, ccxne fr<» many sources. Much already exists. More 
will come frcmi ground-based programs, fr<xi operational satellite 
programs, and frcmi research space experiments already being 
planned. A new reseeurch satellite program should be based upon 
the recognition both of scientific needs, and of the requirement 
for data that will be unavail 2 d>le from other sources. Moreover, 
it should be regarded as one element in a broad program devoted 
to research on the most important scientific questions. The 
findings of our study to date, summarized in this report, are 
concerned with identification of those broad research issues of 
highest priority and, in particular, with those that are most 
appropriate for investigation from space platforms. We have not 
as yet attempted to look Into the question of data availability 
frcm other sources, except in a superficial way. That will be 
the major task for the next phase of our LARS planning effort. 

This sunanary report was prepared by Dr. M. H. Davis, 
based upon investigations carried out by him and by Mr. John 
Masterson. The study included informal discussions with 
a large number of ats»spheric scientists. It was sponsored 
by the Atmospheric Sciences Division of NASA's Marshall 
Space Flight Center, Alabama, and includes the results of 
many discussions with members of that group. The recent 
National Academy of Sciences Report: '.' 'he Atmospheric 
Sciences: National Objectives for the 1980' s , fornwKi the basis 
for the scientific inputs to this phase of the study. 
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lie want to express oiur sincere appreciation to the task 
group leaders , both for their original discussions with us , and 
for their suggestions for inprovesients in this suanary report. 


ii 



‘ TABLE OF CONTENTS 


Preface i 

Table of Contents ill 

Science Context and Background 1 

The LliRS Concept 5 

Priority Research Issues for the Lover Atmosphere 
in the Celling Decade 7 

Preliminary Conclusions for the LARS Program 8 

Candidate experiment classes for LARS 
— a sampling 8 

Types of observations — missions 11 

InstruB^t classes — a sampling 13 

Orbit considerations 14 

Research versus operational satellites 17 

Material Based upon the National Academy of Science 
Report and upon Discussions with Task Group Leaders. 18 

1) Impacts of Weather and Climate on Society... 18 

2) Short-Term Forecasting and Services 20 

3) Mesoscale and Synoptic-scale Forecasts 22 

4) Seasonal and Inter 2 uinual Climate Predictions 24 

5) Long-Range Climate Change 25 

6) Advertent Weather Modification 26 

7a)* Inadvertent Weather and Climate 

Modification 27 

7b)* AtTOspheric Chemistry 28 

8) Cloud Processes 31 

9) Atmospheric Dynamics 33 

10) Boundary-Layer Processes 34 

11) AtHK)spheric Radiation 35 

12) Solar Influences on the Earth's Atmosphere.. 37 


*We are following tie numbering system of the NAS Report . 

iii 


SClBHCg CONTEXT AND BjyCKGROOND 

Th« loirar atmosphere is the n^ium that supports all life 
on the earth, we are utterly dependent upon it for our survival- 
and our lives are profoundly influenced by its movements, by its 
purity, by the ways it transmits, absorbs and scatters solar 
radiation, and by transformations and transport of the water 
substance. In recent years there has been a growing concern over 
the ways that human activities in an industrialized society may 
modify the weather, degrade air quality, and may lead to 
changes in climate. Research programs now focus both on understanding 
the processes of nature, ^uld on understanding ways that man has 
become a causal agent. 

All' aspects of weather, both temperate and severe, impact our 
highly interconnected society. It is of crucial importance 
that the physical mechanisms involved in weather on all scales of 
time and space be understood to permit accurate forecasts amd 
to allow proper assessment of the influence of human intervention, 
intentional amd unintentional. Air quality has become a major 
concern at a time when it is generally realized thait profound amd 
long-laisting changes are being brought adx>ut by the increase in 
the CO2 concentration in the atmosphere from fossil fuel burning; 
through the inadvertent introduction of chlorofluoromethane 
ccm^unds into the stratosphere, with resulting changes in the 
absorption of radiation amd catalytic destruction of ozone; by acid 
rain, as well as other consequences of pollution such as 
smog. The day when the atmosphere cam restore itself to a 
state of pristine purity is long past. 

The theory of climate has made progress in recent years 
toward the goal of being aible to predict significant 
departures from "normal” climate patterns , such as droughts or 
cold winters. But we still have a long way to go before 
that goal is achieved. Better climate iiKsdels are required, 
along with long reliaUale data sets and better information 
on the influence of such factors as pollution, volcanic 
activity, and solar variability. 
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During the pest few decades worldwide research attention 
has focused with great intensity on the lower atsosphere. 

Observing networks have existed for many years that provide 
information on winds, ttf^>erature, pressure, and precipitation 
frost ground based instruments and radiosondes. But information 
has been scanty over the oceans, the polar regions, and the 
tropics. To relieve this situation, many international 
programs have been conducted, along with special field studies 
sponsored by Individual countries. Ftoreover, it was recognized 
before the first successful satellite launches of twenty years 
ago that earth<-orbiting satellites could provide platforms for 
gathering information on the lower atmosphere, particularly by 
observing cloud patterns. Meteorological satellites have 
progressed from early R&D satellites to the present NOAA operational 
polar orbiting and geostationary (GOES) satellites. 

In 1979, years of international plauining and testing 
culminated in the first Global Weather Experiment of the Global 
Atmospheric Research Program (GARP) , coordinated through the 
International Council of Scientific Unions (ICSU) and the 
Wbrld Meteorological Organization (WHO) . GARP was and is 
a vast undertaking involving very large amounts of money, 
international cooperation on cui unprecedented scale, euid the 
efforts of a generation of atmospheric scientists. Its 
objectives are: 1) to improve the ability to forecast weather 
on a time scale of three to fourteen days; 2) to define the elements 
of a global weather observing system; and 3) to enhemce knowledge 
of climate through the accurate specification of the state of the 
lower atmosphere on a global basis. It includes instrument 
development, data gathering through coordinated field measurements, 
and extensive theoretical and nxxieling efforts. 

As a result of all the research activities and operational 
data that has been gathered, there is an enormous amount of 
information about the lower atmosphere available for study in 
the archives. During the next decade information will continue 
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to pour In from ground-basod notworks, trcm operational satellite 
programs, and froa a fcnr research space experiments. The need 
for coordinated field efforts is «mll recognized, and nevr 
information is being gained and will be generated by programs 
such as NASA's Atmospheric Variability Experiment 

(AVB) , the Severe Environmental Storm and Mesoscale Experiment 
(SESAME) , and the Cooperative Convecti^ Precipitation 
Experiment (CCOPE) that is planned for 1981. 

The 3role of a Lower atmosphere Research Satellite (LARS) 
Program would be to provide atmospheric scientists with a research 
space platform which could provide wide-aurea covera^ for 
sensors to caurry out many types of observations of the lower 
atmosphere that would be difficult or impossible from the ground, 
and provide data not available frcxn operational satellite 
systems or from other plauined space experiments. If the Upper 
Atmosphere Reseaurch Satellite (UARS) Program becomes a reality, 
LARS, though concentrating on the lower atmosphere, would complete 
the research coverage of the earth's atmosphere. 

The LARS planning effort is still in the exploratory stage. 

We are attempting to discover \^ether or not a need is recognized 
by the community of atmospheric scientists for a research satellite 
system to augment the data that is already available auid that will 
be obtained from other programs; ground •‘based, operational 
satellites. Space Shuttle experin^nts and other space research 
projects. USRA, under sponsorship by NASA's Marshall Space Flight 
Center, has carried out a low-key investigation for the past six 
months. The body of this report sunmarizes our findings to date. 

We have drawn extensively from the National Academy of 
Sciences Report: The Atnwapheric Sciences; National Objectives 
for the 1980 's , by the Committee on Atmospheric Sciences of the 
National Research Council, National Academy of Sciences, 1980. 

A draft of the report was kindly made available to us prior to 
publication by Mr. John Sievers, and Dr. Cecil E. Leith, Jr. 

The report has now been published and is available 

from the Academy. We usually refer to this as the "NAS Report". 
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During tha first phjise of our es^loratory study, we talked 
to each one of the National Acad^iy of Sciences task group 
leaders, along with a nusiber of their colleagues. The final 
section of this report susnarizes the findings of the task 
groups, along with our discussions with individual scientists, 
frosi the stand{K>int of the LARS planning efforts It is based 
upon notes and interpretations by Davis and Masterson« 


In the course of the present study, a number of 
documents were consulted. These included: 

Upper Atmosphere Research Satellite Program , Final Report 
of the Science working Group, July 15, 1978. JPL, Pasadena, 
California (JPL Publication 78-54) . (UARS) 

(geosynchronous Earth-Atmosphere Research Satellite (GEARS) 
Report Resulting from the First Meeting of the Ad Hoc Science 
Working Group , NASA/GSFC, July 31, 1980. 

Proposed NASA Contribution to the Climate Program , NASA, 

July, 1977. 

NASA Tropospheric Program Plan (DRAFT) , Working Group on 
Tropospheric Planning, NASA/LaRC, April, 1980. 

Solar-Terrestrial Observatory Science Study Group , Final 
Report, in process of publication by NASA/MSFC, 1980. 

And, as already cited. 

The Atmospheric Sciences: National Ohiectives for the 1980* s . 
Committee on Atmospheric Sciences, Assembly of Mathematical and 
Physical Sciences, National Research Council; National Academy 
of Sciences, Washington, D.C., 1980. 
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THE LABS CONCEPT 


The baaic concept of a Lower Atmoaphere Reaearch Satellite 
(LARS) Syatem la of a aatellite or aerlea of aatellitea to carry 
aenaora^ together with aaaociated theoretical and TOdeling efforts, 
ground-based data gathering and studies within the atoosphexe , 
that would c^npl^nent the proposed Upper Ats^aphere Reaearch 
Satellite (UARS) Program by specifically concentrating research 
attention on the troposphere and lower stratosphere, and 
would serve aa the research adjunct to the operational meteorological 
satellite programs of NOAA. The time-frame being considered is 
the late 1980 's* 

As a research satellite system, LARS would not bring on 
the programmatic problems often encountered when research 
experiiMnts "piggy-back" on operational satellites. An 
operational satellite is no longer controlled by NASA or the 
research scientists associated with the experiment and its 
sensor systems. It has a specific mission to perform, and if 
a conflict arises between that mission emd a research experiment 
that is riding along, of necessity the operational mission 
requireiMnts take precedence. 

UARS and LARS together would provide a comprehensive 
picture of atnK>spheric processes from the earth's surface up 
through the thermosphere. The real motivation for LARS, however, 
comes about from a recognition of the research needs for improved 
information about processes in the lower atmosphere by 
specialists in the fields of o^teorology and climate science. 

As a coo^leiwnt to operational meteorological satellite systems, 

LARS would serve to fill ir research gaps, cross new frontiers, 
and demonstrate new remote sensing techniques not currently 
available. LARS could serve as a testing ground for new 
experimental concepts that eventually would be incorporated 
into operational systems and that require longer operating times or a 
different orbit than provided by the Space Shuttle. The LARS 
concept could include long duration missions and the 
acquisition of long consistent data sets might be 



undertaken in the context of a research satellite prograa. 

The specific question that needs to be answered is whether 
there is a recognizable need for a new research satellite systea 
and prograa to supploient the data already acquired and anticipated 
during the next decade or so. For the answer to be "yes”, there 
aust exist research areas of high national priority that reqnire 
data that is unavailable frexn sources already in existence 
or planned. We aust also deteraine that required priority 
data can be best gathered by sensors on an orbiting plat fora. 

The next stage in planning will be to look in detail at 
the research data requireaents , and particularly at what 
is already available in the archives, and idiat can be expected 
froa other prograas, such as ground-based prograas, operational 
satellite systeas, and planned space experiaents. For the 
data that appears to be best gathered by a new research satellite 
prograa, we will begin to look in detail at possible 
experiaents, sensors, data requirements, orbits, and other 
technical factors. 
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PRIORITY RESEARCH ISSPBS FOR THE LOWBR MMOSPHgRE IH THE COMIMG DBCADE 
In outline foxn, the highest priority research issues according to 
the NAS Report are: 

1) weather Prediction 

a) local short-range prediction of severe %ieather. 

b) better understanding of precipitation,. 

g) better prediction on the scale of cyclones and frontal systems. 

2) Climate 

a) determine the response of climate to changes in 
conditions at the earth's surface. 

b) determine the feasibility of predicting climatic anomalies 
a month or n»re in advance. 


3) Atmospheric Chemistry 

a) study the interaction of chemical and meteorological 
processes, including transport, chemical conversion, 
rainout and washout. 

b) study the bioatmospheric cycles to provide a scientific 
foundation for preventing or minimizing the harmful 
atmospheric effects of human activity. 

c) study distributions of trace gases and aerosols, 
particularly those that appear to influence global 
and regional climate. 

Background material is presented on these high 
priority research issues in the final long section of this 
report, where the MAS Report is discussed at length, along 
with summaries of our discussions with the task group leaders. 


7 



PRBLmZIUlRy C0I»:LUSI0M8 for THS LARS PROGRAM 


Many of tha aeiantiata wa hava talkad with hava mpnaslsad 
tha naad to naka affactiva usa of tha anonaoua amount of 
data on tha lowar ataoaphara, from aatallitaa and from ground* 
baaod ayataas, that alraady axlata through all tha afforta 
ovar tha paat dacadaa including thoaa that culminatad in tha 
6ARP Global Waathar Bxpariaient. For aona rurpoaaa naw 
aatallita information ia not naadad naarly ao much aa in*dapth 
analyaia of data that aithar axiata or ia currantly plannad 
from oparational ayatama. For LARS, tha quaation ia 
idiathar thara ara raaaarch araaa that raquira naw data ac* 
guiaition that would banafit from aatallita tachnology. 

Frcmi tha NAS Raport, and from o\ir diacuaaiona with ita authora, 
wa concluda that tha ana%rar to thia quaation ia a dafinita 
yaa » A number of raaaarch iaauaa «rauld banafit greatly fr<xa 
naw typaa of data and raaaarch aatallita platforma could play 
a key role. (At thia ataga in our invaatigation wa ara not ready 
to aay idiich of these araaa may be alraady covered by oparational 
aatallita programa or in other waya.) 

A) Candidate axparimant claaaaa for LARS — a aamplinq 

1) Global and regional cloud atudiaa 

Since clouda play a crucial role in precipitation, 
acavanging procaaaaa, and the earth 'a radiation budget, 
many aeiantiata %ra hava talked to hava atraaaad tha naad 
for global and regional auryeya of clouda, including aa 
much about their charactariatica aa can be obtained by 
remote aanaing: ica/water, particle apactra, liquid water 
content, height of cloud top, taa^ratura, radiation, 
precipitation, ate. (Not all of thaaa ara accaaaibla to 
remote aanaing uaing praaantly known tachniquaa.) Information 
on all cloud typaa ia naadad t atratua and cirrua along with 
cumulua. Information ia naadad at all aaaaona, all typaa 
of waathar aituationa, and for tha entire globe. 
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2) Survya of — roaoli, hag* ind foo 

A«ro^oXs aff«ot tha aarth's eliaata through abaorption 
and soattarlng of radiation, haroaol particlaa alao aarva 
aa nuclaatlng aganta for watar phaaa changaai vapor-to-Hquldr 
and llguld-to-ica* Haxa and fog aaidlfy atnoapharic radiativa 
propartlaa and alao influanoa local cliaMta. Studiaa of 
fog ara of conaidarabla aconoade in^rtanca, ainca fog 
aarioualy af facta aircraft op%ratlona, ahlp aovaaMnta, 
and othar tranaportatlon alananta through limiting 
vlalblllty. 

3) Racional and global pracipitatlon aurvaya 

Mantlonad abova undar (1) , but %rorthy of a aaparata 
catagory ara atudlaa of precipitation, ainca under*- 
atandlng of precipitation and achieving improvamanta in 
ita prediction ate recognized aa goala of the highaat 
priority for the coming time period. A related goal ia to 
batter aaaaaa the contribution of latent heat to the 
ataoapharic heat budget. 

4) Monitoring of CO^ and 0 ^ 

Carbon dioxide, particularly, will require long-term 
highly accurate monitoring for aaaaamiant of the climate 
impact of ita gradual incraaaa in the aax*th'a atmoaphara. 

Ozone atudlaa iaq>act climate aa wall aa poaaibla aolar- 
tarraatrial coupling machaniama. 

5) Itonitorinq of othar trace caaaa 

The chlorofluoromathanaa abaorb atrongxy in the infra- 
red aa do certain othar trace gaaaa. CPM'a alao cauaa 
catalytic daatruction of 0^ and ao potentially affect 
atratoapharic chamiatry in an in^rtant way. othar 
pollutanta of importance include HO^, SO 2 , and many othar 
apaciaa liatad in the aaction on Atmoapharic Chamiatry of 
the MAS Report . 
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6) Ob«Tvtion« of thm •arth's surfact for climate studiea 

Data ralating to soil moisture, the role of vegetation 
in moisture exchan^ at the earth's surface, moisture and 
tex^rature exchange at the air-sea interface, ice cover, and 
many other surface parameters are needed to establish the 
lower boundary condition. Some of these are iMasurable in 
principle by satellite-bome sensors. Others either are not, 
or require new ideas (e.g. how do you measure soil moisture 
in the root zone?) 

7) Mesoscale observations 

Since much of the earth's severe weather is produced 
by mesoscale and storm-scale convection, research efforts 
should concentrate on understanding the conditions that 
bring about strong convection ii the atmosphere, along 
with all aspects of severe storm development. Satellite 
observations can contribute markedly to such a reseaurch 
program, peurticularly if a dedicated geosynchronous 
satellite system is available. 

An is^rtant potential use for satellite technology 
would be the determination of cloud-top height, euid 
cloud top topography through stereo techniques. This could 
be achieved through several geosynchronous satellites 
in consort, or possibly through processing successive 
images from a lower altitude satellite. 

8) Tropospheric winds 

Atmospheric dynamlcists agree that direct determination 
of the tropospheric wind field would be of great value to 
them. Research on the feasibility of satellite-borne 
doppler lidar systems for global wind measurements is 
proceeding at NASA/MSFC and at NOAA/WPL. There may be 
a role for LARS in the develo^mient of this system, or even 
in its implementation in a research context. 

9) Rerote sensing of pollution plumes 

What appears to be needed is a way to monitor pollution 
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gases and aerosols source to eventual removal, probably 
through a combination of measurements of winds and chmaical 
constituents. It would be very desirable to accon^lish this 
task from a satellite platform, although it is not clear 
that all of the necessary msasurmsents can te made remotely. 
Probably satellite observations «rill be used to augment idiat 
is basically a ground-based program using instruronts on 
the surface plus aircraft. 


B) Types of observations — missions 

1) Global or wide geographical atrea coverage 

One of the research applications for satellite technology 
frcKjuently stressed in our discussions with scientists 
was global coverage: of clouds, radiation, lightning, ... 

2) Ability to respond to particular events or times 

If a satellite is in the right location (geosynchronous, 
perhaps) then it could "zero in” on a particular severe 
storm system and provide detailed information. This is 
one example of the capability under consideration. 

Another similar potential would be to have instruments 
standing by to make a veiriety of coordinated measuren^nts 
if a very large soletr proton event were to occur, or if 
a volcano were to erupt. In this case the satellite provides 
again the ability to always be at the right place at the 
right time. 

3) Monitoring of particular phenomena or particular locations 

Satellite technology can provide the ability to monitor 
events in the lower atrosphere in situations where this 
cannot be acccm^lished using ground-based instruments 
because the geographical extent is large, because of 
political considerations, or for soim other reason. 
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4) Ifea8ttr«»nt of aeteorological quantities in im^cessible 
r<qic»8 of the earth 

Bxaiqples are the tropics, poles. and the ocean^-areas of the 
earth. This application is also one %diere reseaurch satellite 
data'-^gathering and coeenmication in conjunction with 
ground-based unaanned instrument packages «#ould be is^rtant 
to consider. 

5) Test and check-out of instrument and experiment concepts 
that may eventually be used in operational syst«M 

The research satellite can provide the necessary 
platform for the test amd check-out of new and improved 
instru^nts and concepts for eventual use in operational 
satellite systems in cases «diere for some reason Space Shuttle 
experiments would not be effective. 

6) Experiments that are complementary to operational satellite 
systems 

One important exaunple would be to use LARS to provide 
a continuous aOssolute calibration for soto set of relative 
n^asm.«sments provided by sensors carried by an operational 
satellite. 
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C ) Instruamt classes— r a 

1) laaainq devices 

Imaging techniques ha^ been highly developed to 
provide quantitative naps of clouds in ti^ visible i 
infrared, and microwave regions of the spectrum, in 
atmospteric "idjidows”, as well as viewing water vapor 
distributions, and the earth's, surface. Coverage may be 
broad or detailed. Another interesting possibility is to 
use stereographic techniques to obtain three- 
dimensional information. 

2) Teaqperature and moisture profiles 

Passive spectroscopic sounding techniques aure under 
develoi^Dent to provide tosperature and moisture vertical 
profiles. Learning to use this satellite-generated data 
has been a probl^ since it differs both in accuracy and 
in coverage from the familiar radiosonde data. 

3) Passive radi<anetry 

Microwave radiometry for precipitation measurements; 
infrared for the earth's radiation budget, cloud tenqperatures , 
surface temperatures. 

4 ) Solar ‘ occul tation 

Spectroscopic meeisurements of trace gases, aerosol 
scattering, in the lower stratosphere. 

5) Active radar 

For studies of precipitation, motions within clouds, 
cloud structure. Serious problems exist due to power and 
weight requirments. 
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6) Very narrow band spectroscopy 

Very narrow band spectroscopy night be useful for 
nonitoring particular trace gases In pollution plumes. 

7) Lldar 

Doppler Ildar methods are being explored for satellite 
use In determining the wind-field of tropospheric winds 
(two-dimensional) . Such a system would also be very useful 
In monitoring tropospheric aerosols. 

8) Lightning detection, regional euid worldwide 

Detection of lightning %rorldwlde auid In particular 
geographical regions Is an application of satellite 
technology that would have considerable economic benefits 
to power companies, eund to many other users. Lightning 
detection may have an Important application for severe 
storm warning, although more information needs to be 
developed before this potential cem be fully assessed. Both 
optical and radio detection methods are under study. LARS 
may have a role, either as a testing ground, or as a carrier 
for reseairch experlronts. 


D) Orbit considerations 

From the standpoint of the NASA planner, the question 
of the required orbit for a research satellite or platform Is 
critical. The orbit altitude (or, more accurately, the semi- 
major axis) that Is attainable Is limited by the available 
propulsion energy. The orbit inclination Is constrained by tie 
launch site as well as by energy considerations If Inclination 
changes In flight are contemplated. There Is no attempt here 
to discuss all of the factors that lead to the choice of orbit, 
but rather some characteristics are discussed as they relate to 
the potential for lower atmosphere research from space. 


14 



1) Geosynchronous 

The geosynchronous orbit, an equatorial orbit whose 
altit^e above the earth's surface is such that the satellite 
makes one orbit per day in the same direction that the earth 
turas on its axis, has been employed for a number of years 
for research and operational satellites used to observe the 
lo%rar atmosphere. Sensors on a geosynchronous satellite 
can observe the same geographical region continuously, since 
the satellite r^nains nearly stationary with respect to 
the subsatellite point on the earth's surface- and there is 
a constant viewing geon^try with respect to other points 
within the observable cone of angles. Spin stabilization 
has been ^nployed since three-^is stabilization recpiires 
expenditure of po%fer or gas. Quasi-global coverage can be 
achieve! only through a collection of geosynchronous satellites 
distributed around the equator. High latitude (greater them 
70°) regions are not accessible, and ground resolution 
may be limited by the great distemce of the satellite. 

Vfeight and power limitations imposed by launch requirements 
2u:e other constraints. 

2) Low earth orbit — sun synchronous 

Normally the orbit plane of an earth satellite precesses 
with respect to the earth-sun line, so the satellite passage 
over earth locations passes through all local times. However, 
there is a particular choice of orbit plane inclination with 
the earth's equitorial plane such that this relative motion 
does not occur. (For 600 km altitude circular orbit, 
this is about 98°, which means that the Western Test Ramge 
would have to be used for launch.) For some experiments a 
sun- synchronous orbit would be desiraUsle; for exanple, for 
continuous monitoring of some aspect of solar radiation. 

But in memy cases the experimenter will want to choose an 
orbit that will precess with respect to the eeurth-sun line 
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in order to obtailn data for all local times. 

3) Low earth orbit — all snn angles 

For a circular orbit at 600 km altitude, an orbital 
inclination of 56^, the maximum that is attainable from the 
Eastern Test Range, will precess through all local times 
at the equator in about 36 days. 

4) Low earth orbit — polar 

As already pointed out, for orbital inclinations greater 
than 56° it will be necessary to nudce use of the Western 
Test Range for launch. It is possible to change orbit 
inclination by a correction in flight, but energy requirements 
are a constraint. High inclination orbits are required for 
coverage of the polar regions. 

5) Low eaurth orbit — low inclination ("equatorial") 

The minimum orbital inclination for launches from the 
Eastern Test Rauige is 28.5° though the possibility exists 
for orbital plane changes in flight given adequate propulsion. 
The earth's equatorial regions have been stressed by many 
of the scientists we have talked to as peurticularly important 
for tropospheric research during the next decade. 

6) Other considerations 

The effect of air drag in limiting the lifetime of a 
satellite in orbit is an important consideration. Although 
for most pui^joses circular orbits are preferred, special 
eccentric orbits cam also be considered for special purposes. 


16 



B) Ite— arch ygrsua opratlonal saf llitea 

For oporational satellite systOBS, the operational mission 
must take first priority. So, although there are often cost 
savings In having a research experiment *plggy-back” on an 
operational satellite, there are also disadvantages to the 
research scientist. A research satellite platform would 
provide the needed flexibility and give the scientists primary 
control. 

The operational satellite systems provide the. 
background data required for many of the research questions 
discussed In this report. However, there are problems In 
using operational data for research purposes. An example 
is the requirement for redetenalnatlon of satellite altitude 
and conversion from satelllte-scem coordinates to earth- located 
coordinates that has often been necesseury. Such reprocessing 
Is costly In manpower and computer time. 

A Lower Atmosphere Research Satellite system could well 
serve as a test bed for proof-of -concept for new Instmments, 
and for Instrument Improvement and check-out. The Space Shuttle 
will also provide a platform for instrument development, but Its 
limited lifetime and restricted orbit may limit its utility 
for this* purpose in some cases. 

In many ways a LARS system would be complementary to 
the operational satellites of the next decade. It would serve 
as a testing ground for new instruments, it would provide research 
augmentation, and calibration. Similarly, the operational 
satellite systems would provide the much-needed backgro\ind 
Information on the state of the lower atmosphere, and the 
surface of the earth. 
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material based OP<m the HATIOMJVL ACAl^MY OF 8C1BCTS Rm>RT 
AMD OP(»i 0ISCD8SXCMIS WITS TASK GROUP LEADERS 


Th« seXaction of material euid emphasis in the following 
sections was based upon consideration of topics that apply 
to the uses of satellites and orbiting platforms and so would 
be relevant to the LARS planning effort. Some of our discussions 
were direct conferences with the individuals r others n^re 
by telephone. Zn all cases, informality was a key element, 
and lapses in accuracy or en^hasis are the responsibility of the 
author of this report, not the task group leaders and their 
colleagues, %dio have not yet had an opportunity to make corrections. 
Each section gives a summary botl. of the material in the NAS Report, 
and of o\ir conversation with the task group leader and colleagues. 

1) Iroacts of Weather and Climate on Society. 

Robert G. Fleagle, University of Washington, Leader 

The report of this workshop task group gives an overview stressing 
matters of political and scientific policy. Our conversation with 
Or. Fleagle, on the other hemd, ranged over mamy specific topics. 

When asked to suggest the most in^orteint research areas as he saw 
them, in the context of the LARS study, Fleagle suggested the 
following topics: 

1} a definitive study of radiation balaince for the planet, 

2} a cos^rehensive program of ocean surface observations; 
sea^surface temperatures, wind-stress, currents; 

3} comprehensive study of air pollution, particularly the 
long range transport of pollutants. 

4) an accurate way to include cloudiness in climate models, 

5) global surveillance of soil n»isture, and vegetation. 

The BRBE experiment planned for the mid-decade may handle 
(1) , and the NOSS satellite is designed to provide the data called 
for in (2). Air pollution studies, and particularly the transport 
of pollutants were mentioned by many of the people we talked with. 
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Tta«r« w«s atigrmmmit that aaaauranianta of air flowa 

and diract datactlon of pollutant! would ba important r and that 
aatallita obsarvationa could ba of graat valua# particularly for 
pollutants with long lifatimas. 

Battar statistical information on cloudinass and on cloud typas 
would lead to battar ways of including cloudinass in climate models. 
Besides this* there is a need for battar ways to include the contribution 
of cloves, both solid clowl decks and collections of clouds with 
open spaces in bat%reenr in climate models. This sounds like a 
closely coordinated progr£uii of satellite observations > radiation 
measurements, radiative transfer theory and modeling studies. 
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2 ) Short«^rm rog^>«ting and STvlc»t 

V«r»«r B. Sttoai# Oiiiv«riity of Wisconsin# Lssdsr 


Ths task group on short-range forecasting es^hasized the 
need to develop ways to make the best possible use of the vast 
quantity of sensor data on the lower atmosphere that will be 
available in the 1980 's. They particularly point to the importance 
of interactive c^nputer techniques and new software develofmwnts . 

The great need is to devise efficient ways to distill useful 
meteorological information fr^ the data# both frc»i ground-based 
stations and from satellite- sensors. The report states: 

"This distillation of meaningful information from the almost 
incc^rehensible amount of data will make the nowcasting problem 
tractable." Besides the ability to make accxirate short-term 
forecasts# there is a requireiMnt to inprove the distribution 
of this information to the members of the public emd others who 
need it# both in a timely fashion# and in a form such that they 
can make the best use of it. 

Our discussion with Dr. Suomi covered many topics. 

He telleves that the possibility of a research satellite system 
dedicated to the lower atmosphere opens up many interesting 
possibilities to fill in gaps in knowledge of atmospheric processes 
on all tiiM scales. He emphasized the importance of Improved 
understanding of the treuisport of water vapor and the water 
substance in the atmosphere# along with the interactions of the 
atmosphere with the oceans. He also stressed the importance of 
research on the atmosphere in the tropics# where current 
data of sufficient accuracy is scanty. 

Specific ideas for satellite research: a) a cluster of 

geostationary satellites to permit stereo measurements of clouds 
and of water vapor distributions; b) a low-altitude low- Inclination 
satellite# specifically for studying the atmosphere over the 
tropics . 
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JUm oonoludad fron tto task grot^ raport and our discussions 
with SuQBi and coworkars that ths naad in tha naxt dacada in tha 
araa of short-ranga forecasting is not for naw data-gatharing systaas, 
but rathar for battar analysis and dissaaination asthods. Rowavar, 
a rassarch satallita systaa %muXd ba of valua in providing battar 
data on cloikl structura and watar vapor distribution and transport 
in tha ataosphara through staraographic or otiiar tachniquas, 
and to provide anhancad covaraga of aataorological paraaatars 
in tha tropical regions. 
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ly i teaogcal* md Synoptic-ical# For<caiti 

C«cil B. Jr., Natl«AAl C«nt«r for Ataosphorlc Rosoarch, Laadar 

Thara is a significant gap batwaan tha pradictiva skill 
that sdght raasonably ba axpactad for masoscala aaathar procassas 
frosi prasant obsarvational nataorks and what is currantly 
baing achiavad. Raliabla pradiction of snall-seala pracipltation t 
aaounts, location, onsat tiaa, duration, typa, is particularly 
difficult. And this inolttdas sost dastructiva savara waathar — 
flash flooding, tornados, blizzards, ate. 

Tha task group put highast priority on tha study of tha 
•asoseala atruetura of axtratropical eyclonas, with raphasis on 
Boist tharsndynasde and pracipltation procassas. Xn addition, 
tha task group racOTnaiulad concantratad study of tha xMchanlsms by 
which sub-synoptic scalas in tha atnosphara indues tha outbreak 
of savara eonvactiva stems, along with further davalo^Mnt 
of statistical relations batwaan largar-scala variables 
used in nuBsrical models and saalltifr-scala %#aathar phenomena. 

Tha bast chance for elucidating tha mechanisms involved will cctm 
through simultaneous maasuramants of sub-synoptic variables 
at times \Aimn eonvactiva storms are likely to occur. Much of tha 
research suggested will involve using existing data sets and data that 
is axpactad fxcm existing and planned operational systems, 
rather than new instrumentation or new systems for data gathering. 

In our conversation with Dr. Leith, he expressed great 
enthusiasm about the prospects for direct data on atmospheric winds 
such t'M will ba gather^ txoa tha proposed satellita-bome 
lidar systems proposed for tha latter part of tha decade. Winds 
now are almost entirely derived from tmi^rature soundings. 

Tha problem is that tam^ratura soundings available from operational 
satellite data are lass acmirata than. required, and their use 
in computer models has bean disappointing (though part of the problem 
may ba in tha algorithms used.) Thera appears to ba 
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AfTMMnt anonf thm sqi«ntists with %^on \m talked 
that dlraot MasttraMiit of tropoaphoric wind fioXda to an accuracy 
of around 1 m/m, which is now Ljing oontai^latad for 300 la X 
300 ka areas and 1 hour avaragss^ would raprasant a significant 
advance in knowladga of the stats of tha ataosphsrs and would load 
to inprovsd global rr^daling. 

Dr. Laith atrassad tha iaqportanca of iaprovad information on 

water transport in tha ataospharai precipitation, water vapor 

transport, transpiration and evaporation at tha earth's surface. 

Knowledge in deficient, particularly for the equatorial regions 

of the earth. He also noted that the next decade will see 

increased emphasis on studies relating to cliaate change. Key 

elraents will be studies of radiation from clouds, and studies 

of the interactions between the atmosphere and the oceans. 

Zn both of these research areas, satellite observations will 

play a decisive role. 

• 

Is^rtant applications of satellite technology include 
coordinated observations from satellites and ground-based 
sensors of the aesoscale conditions that give rise to strong 
TOnvection and resulting severe ireather. It might well take 
a dedicated satellite system to make such observations possible, 
though data from operational satellite systems might be adequate. 
New instrument develotraent is required for the proposed 
satellite-borne lidar systems to iMssure tropospheric wind 
fields, and to measure water vapor transport and evaporation 
at the earth's surface. Soil moisture is also an ii^rtant 
parameter that may be measurable by satellite sensors . * 

Proper handling of radiation in climate models, particularly • 
from clouds and cloudy fields in the atrosphere, is seen as a key 
elMent in the ifqprovwsent of climate modeling. During the 
next decade, emphasis should be placed on satellite measurMients 
of the earth's radiation budget, such as the BHBE program, 
and in statistical studies leading to a cloud climatology — which 
may not isqply new measurments , but might be accosq>lished using 
existing data. 

*This is an important area for ground-based sensors, both for data 
gathering and ground truth. 
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4) Saasonal and Inf raimual Cliaate Predict iona 


John H. Wallace, University of Washington, Leader 

The climatic tisM periods considered by this task group 
are those longer than the lifetime of typical weather systems, 
but shorter than those of the usual climatic averages. 

Included are such long-li^^ systems as blocking highs, 
seasonal ancaialies resulting in droughts or cold winters, 
ancmeia .ies that reoccur several tin»8 during a decade. 

The physical mechanisms responsible for variability on 
these time scales are not well understood, but presumably 
involve interactions between the atmosphere and the 
stratosphere or the surface, both of %diich could provide the 
required long "n^nory time.” Other factors are volcanic 
activity emd solar variations. The major tasle seen for 
the next decade axB to attempt to understand the dcxainant 
causal factors, and to assess the feasibility of prediction 
of atmospheric behavior on this time scale. The task group 
stressed the need to utilize fully the existing data sets 
and to maintain insofar as possible the worldwide measurement 
network already established. It also emphasized the importance 
of the NASA Earth Radiation Budget Experiment (ERBE) . 

A large number of xm^re specific research suggestions 
appear in the NAS Report. 

In our discussion with Dr. Wallace, he pointed out that data 
already in existence is not being used to the fullest. Real 
probl#»ms exist in deriving the needed climate information, partly 
due tc %'i\e costs of the manpower auid computer time Involved. 

The resuarch needs of climate scientists might be better served 
by archiving condensed data sets or properly designed statistics. 

New satellite technology has the potential of giving 
useful information about soil moisture, of providing direct 
wind measuren^nts , of supplying comprehensive data on 
cloudiness and precipitation, and of supplying much-needed 
n^teorological emd climatological data on the tropics. 

Wallace also irientioned the need for effective ways to handle the 
effect of chamges in cloud cover on the earth's radiation 
balance . 
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5) Long-Range Climate Change 

Andrew P, Ingereoll, California Institute of Technology, Leader 


The broad research topics selected for es^hasis by Task Group 5 
weret 1) Global or hemispheric temperature changes associated 
with radiative forcing due to changes in global aerosols, solar 
variations; 2) Regional low-frequency atmospheric phencHsena 
suspected of being driven by changes in surface conditions; changes 
in sea-surface temperatures, sea ice, and snow cover, urbanization 
and agriculture. Also high-frequency phencm»na that have 
influences at low frequencies. 3) Subsurface processes such 
as the oceanic mixed layer, soil moisture and vegetation, sea ice 
and snow cover. 

Or. Ingersoll pointed out in our conversation with him that 
operational satellite systems usually are not cap£d>le of ed>solute 
measurements, their sensors are calibrated only for relative 
measurements. For absolute determination of atmospheric quantities, 
there needs to be calibration by rockets, aircraft, research 
satellites, or, where appropriate, by ground truth TOasurements. 

He stressed the value of being aUsle to measure nuuiy p 2 uranieters 
simultaneously: infrared emission + cloud cover + stratospheric 
amd tropospheric gases + moisture auid soil pareuneters. 

An important unknown in the global energy bal 2 mce is the 
latent heat release term. The problem of sampling makes this 
particularly difficult to obtain. 

One important use for an experimental satellite would be to 
test out concepts for instnunents that might eventually go on 
operational satellites. Examples would be instruments to measure 
soil TOisture, vegetation, and the transpiration emd evaporation 
of water vapor from the earth's surface. Son^day there will 
undoubtedly be a global climate experin^nt, and we need to plan now, 
and develop instruments, techniques, and models. 
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6) Advrfnt IteathT Modification 

Oiarles L. Roslar, Jr., Pennsylvania State University, Leader 

C^e of the aajor recossMndations of this subgroup was for 
a concentrated research effort in the overlapping area between 
cloud aicro|4iysics ax^ cloud dynttsics as a basis for iaprovement 
of ui^er standing clouds a^ their resp<mse to sodification 
efforts, ^lere would be an iaportant role for satellite observations 
in such a study through the gathering together of a systematic 
^nsus of cloud and cloud-environment characteristics over various 
geograMphical , seasonal and climatic regions. Also needed are 
means for remote sensing of cloud particle spectra, detection of 
ice in clouds, and measurement of motion fields in three 
dimensions . 

Dr. Hosier pointed out in private conversation that any 
factors that change the onset time of cloudiness or the duration 
of clouds by only a few minutes would act to chcinge the energy 
balimce in the eeurth's atmosphere through radiation and through 
latent heat release by amounts c<»iparable with those that 
attributxUsle to increases in the concentration of CO 2 
in the atmosphere that are of present concern to climate 
scientists. Such modifications could arise from many 
influences: pollution effects changing the nucleation efficiency 
for either condensation or freezing, sol5u:->terrestrial 
influences that might affect cloudiness, regional changes in water 
evaporation and trauispiration at the ground. There is 
clearly a need for better understanding of the role of cloud 
develo{mient in larger atoospheric processes . and energy balance. 
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7 a) Tam&mistmt WtatliT nd CXiaaf ttedification 


Gaorga D. Robi& 8 <Mi» Cantar for tha ftaviroanant and Nan, Laadar 

Tha float iflqportant way that htaun activity Boy influance 
gidbal cliaata is baliavad to ba through tha affects of 
CO2 and other gases with strong absorpti^ bands in the 
infrared (such as CO and O^) . Other gases that strongly 
absorb in this region are the chlorof luor<»ethanes , idiich have 
a Icmg lifetiae in the stratosi^ere. Of all these, CO2 appears 
to have tha greatest in^ct, though predictions of the cliaatic 
ccwisequen^s of the increasing CX)2 concentration in the ataosphere 
are c<»iflicting. 

Other weather and clioote effects discussed by the task group 
included aan-aade land-use changes such as deforestation and 
urbanization. The task group was also concerned about the 
weather cuid clintate effects of ccaibustion products other 
than CO2, such as sulfur cca^unds and paurticles, both 
of %diich presuaably affect clotsi microstructure and atmospheric 
reuliative properties. 

In private conversation with Or. Robinson he stressed that 
the first indications of changes in atmospheric ten^rature brought 
about by CO2 might be detectable in the stratosphere. The 
probl^ with detecting small changes over long periods of tiro 
by operational satellite syst&as is that they are not designed 
to make £d>solute measurements. 

Fr<^ the standpoint of global climate, relatively subtle 
changes only detectable over long time periods could be important. 
Haze, for example, tends to smooth out temperature fluctuations. 
Southing that could change the agricultural growing seeuion by 
a week or so, though insignificant in terms of overall energy 
balance, could have long-term cumulative effects on soil conditions, 
moisture, and ultimately on regional climate. Satellite sensors 
slu>uld be able to monitor haze distribution. Pollution plunks 
should also be studied in the climate modification context, since 
clouds downwind of cities may he modified (this is still an open 
question) . 


27 


4 


7 b) Atao»pli#rlc ChMd.«try 

Paul J. Crutzan, Matloiuil Centar for Ataospharic Baaaarch, Laadar 

TtM raaaarch fiald of ataoapharlc ch«d. 8 try was idantlfiad 
bf tba NAS Woi^shop &s ona of tha laajor high priority raaaarch 
areas for study during tha 1980 *s. ^lis high priority raflects 
both tha urgency of increasing man's understanding of processes 
that introduce trace gases into the atmosphere amd remove them, 
and tha pi^sant lack of full ui^erstanding of many aspects 
of these paK>cesses. 

Nan's activities put a tr^i^ndous veuriety of chemical 
substances into the atmosphere. Many then undergo changes, 
form nw compounds, and change form under the influence of 
other chemicals, solar radiation, and interactions with hydros^teors . 
Some persist for long time periods. Changes are produced in 
tlM chemistry of precipitation, the radiation balamce (partlculzurly 
from CO2 increases) , the natural atmospheric chemical processes 
(viz. catalytic destruction of by chlorofluortnoethanes) , 
and in the natural atmospheric aerosol population (viz. conversion 
of SO2 to liquid H 2 S 0 ^ droplets) . It is often very difficult to follow 
the vairious species from source to sink through the many complex 
chemical reactions that may occur during transit. Significant 
concentrations are often extren^ly low. The NAS Report states 
that the catalytic efficiency of do radicals in ozone destruction 
is so great that in the upper atmosphere only 1 part per billion 
is significant. The radiative effects of similar concentrations 
can also play an important role in atmospheric heating and cooling. 

Specific recommendations include: observations of the chemical 
ccmq>08ition of the atmosphere over all regions of the globe, under all 
weather £md seasonal conditions, in widely different areas — 
urban, maritime, equitorial, polar; in the troposphere and in the 
upper atmosphere. Global monitoring at all scales will be 
required for the trace gases known to be active, such ais NO^, CO, 

CO2, CFM's, as well as searches for undetected species. 

Chemical transformation studies are required, both field experiments 
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and laboratory stadias, ^saarch is naadad on tba ebaaical 
intaraetimis aaong tha biosphara, hydrosphara* and ata»spharas 
aaissicms and uptaka of gasas and particlas. Zn addition* »aoh 
Bora inforfuition is raquirad on tba Bdgration and transport of 
atao^pharic eh«d.eals. Obtaining this infomation will raquira 
closa coo^ration batwaan nataorologists and ataosplMric ch«d.ats. 

Dr. Crutzan* and his collaagiias, Alan Lazros, and Patrick 
Zimmxman, all strassed tha aaed for global surveys and for 
the BKmitoring of kay trace gases in the atnosphara. Most ia^rtant 
for cliBUite effects is CO2* with oxides of nitrogen and 0 ^ also 
very i^ortant. Many other trace gases would be interesting 
to fflsasure* though aiany can be effectively monitored from ground 
stations. Exau^les are COS and chlorof luorosethanes . It %pould 
be particularly important to trace pollutwts from their sources 
to their eventual dissipation or renz^val. Satellite platforms 
would be particularly effective in studies of CO2* CO, 
aerosols such as H2S0^ droplets. 

The atmosphere is chesdcally especially active in the tropics, 
and this is the region of greatest importance to monitor carefully. 
Zimmerman stressed the need for good surveys of lauid usage, 
particularly teforestation and drainage of wet eureas. Methane 
is an important trace gas to monitor because it contributes to 
stratospheric hydrogen and indirectly influences the chemistry 
of CO and OR. 

we conclude that atmospheric chemistry will receive 
very increased support during the next decade. Satellites 
may contribute significantly to global monitoring of such gases 
as CO2 and O3, as well as NH3, CH^, COS, and CH3a . 

Other "exotic” trace radicals and ccm^unds probably are best 
investigated frcxa ground-based and airborne platforms, though 
satellite potential for aerosol meadurments should be fully 
exploited. Logistics problems in tropical regions could make 
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data gatliariiig fxom ground atationa an attractive 
poaalbility. A very ie^rtant reaearch effort will be In the 
tracing of pollution pluaea froa their aource to their eventual 
diaalpatl<m, along with atudlea of the related mlcroacale 
aiki aeaoacale aeteorologlcal envlroniaenta . 
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8) Cloud Proc««ge8 

G. Bramt Foot®, National Center for Atmospheric Research, Leader 

Cloud processes impact nearly all aspects of atmospheric 
science: precipitation, atmospheric chemistry, radiation, 
climate, severe weather. Task Group 8 identified as 
the research problems of highest priority: 1) Study 
of convective clouds through combined theoretical 
and field investigations. (Small cumuli and stratiform 
clouds also need greater attention than they have been given 
in recent years.) 2) Studies of the composition of clouds; 
types, sizes, number density of hydrometeors; spatial and 
temporal distributions. 3) Development, steuidardization and 
calibration of instruments for determining cloud properties under 
(2) . 4) studies of the role of clouds in "wet" scavenging of 

trace gases and particles. 5) Studies of the interactions 
between cloud electricity and Cloud dyn£unics and evolution; 
charging mechanisms. 

The importance of better understanding of ice processes 
in clouds was stressed, since although they are known to be 
the controlling factor in the production of precipitation 
in many clouds, many questions remain unanswered, 2 uid the 
basic physics remains poorly understood. The composition 
of clouds strongly affects their radiative properties, so 
better information will lead both to better ways of including 
clouds in climate models, and to better utilization of remote 
sensing, using radiative techniques. 


A survey of clouds and precipitation is needed over large 
geographical areas and eventually over the entire globe. 
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Dr. Foote and Or. Patrick Squires stressed the ne^ for 
nore conprehensive data on mesoscale %feather phencnnena, which 
is the scale of most severe mather. One type of uMasureiiient 
Foote suggested would be of great value would be cloud-top 
topography with about 1 minute — 1 km resolution, in order 
to better describe storm evolution. Such satellite 
measurements «rould also give better boundary conditions 
for ground-based doppler radar measurements. Cloud top 
heights, related to the first appearance of radar echos 
from, coordinated ground-based radars, would be an Important 
eleiMnt in better understanding precipitation sMchanisms. 
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9) Atao»ph»riG 

Janas R. Bolton « Univaraity of Washington, Laadar 

Slnca tha rasaarch field of ataospharlc dynamics covers 
fluid motions of tha atmosphere on all tism and space scales, 
tha remarks of this task group cut across a number of areas 
covered also by other task groups on the WAS team. On the 
planetary scale, tha task group raccmmends a coaprahansiva program 
to study pleuietary waves. In particular, the need was stressed 
for better understanding of forced planetary scale disturbances 
that result in "blocking" patterns that produce presistent 
anomalous weather over large regions. We need to understand better 
how such patterns are established euid maintained, and how 
forcing by topography and by land^sea heating contrasts takes place. 
The need for better understanding of stratospheric ozone 
was stressed, particularly because of the climatic effects 
of ozone changes. 

Climate modeling is recognized as one of the highest 
priority research fields for the next decade. Gaps in current 
knowledge include how to handle cloudiness adequately, 
radiative effects, emd the inclusion of air-sea interaction. 

Other xmcertainties are surface interactions involving 
evaporation at the surface and the effects of vegetation. 

On the smsoscale, the need for better understanding 
euid prediction of severe storm activity was stressed. What 
are the conditions that give rise to strong convective storms? 
Progress in three-dimensional numerical modeling was cited 
as particularly encouraging in predicting sonm of the most 
important features of severe storm processes. 

In our conveisation with Dr. Holton he remarked that 
winds are the most important atim>spheric quantity to the dynamicist. 
This is particularly true for the tropics. He also stressed the 
need for coordinated mesoscale research to improve understanding 
of atmospheric processes on the cyclone and storm scales. 
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10) Proc>«»#8 

John C. wyngaard. National Cantor for Ataoapharic Saaaarohr Laadar 


Tha boundary layar is tha part of tha atmoaphara that 
wa actualy liva in and that nakas contact with tha aarth's 
surfaea. All aoistura passas through tha boundary layar; it is 
whara pollution arisas. Air-land and air-saa intaractions 
ara boundary layar proeassas. 

Tha highast priority tasks for tha naxt dacada that 
wara idantifiad by tha task group arat 1) furthar davalopoant 
of turbulanca paraaatarlzation and 2) davalopnarc of now 
nathods for sansing planatary boundary layar structure. 
Satallita naasumaants may contributa to tha sacond of tliase 
tasks through ramota sansing tachniguas, and through data 
gathering and conmunication with ground-based in situ 
maasuremant packages. 

In our talk with Dr. Wyngaard, he stressed the need for 
new techniques to obtain the data needed on boundary-layer 
processes. Ono possibility to be explored is that satellite 
observations of cloud structure might lead to improved 
statistics of surface moisture flux into the atmosphere. 


The problems of atmospheric pollution are of great 
national importance, and are conq>licated by their multidisciplinary 
nature. Cloud studies are an important ingredient, since 
clouds are actively involved in pollutant transport, modification, 
and removal. Satellite contributions to cloud studies have already 
been stressed in this report. 
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XI) AtaoaphTic Radiation 

Jams N^inaan, Uni varsity of Wisconsin , Lssdsr 


Radiation fron ths ataosphsrs itsslf, radiative transfer 
proesssss within ths atsK>nphsrs, and ths absorption of solar 
radiation and infrared fron ths t>^th all play fondasMntal roles 
in atH»sphsric energetics# as well as allowing a wide variety 
of r«BOte sensing techniques. The HAS task group on atnospheric 
radiation recossMndedt 

1) eeqphasis on theoretical investigations to test the sensitivity 
of cliaate aodels to uncertainties in the ability to handle the 
radiation part of the problem. Asiong the problems cited was the 
ability to consider real-world situations such as broken cloud 
fields. 

2) development of improved optical# infrared, and sub-nan 
active and passive remote sensing instruments to monitor 
atmospheric parameters such as temperature# winds# trace gases# 
and humidity. 

3) development of active and passive microwave sensors for 
satellite use to provide global monitoring of precipitation and 
soil moisture. 

4) to monitor the spectral irradlance of the solar radiation 
reaching the earth. 

Under (1) the task group emphasized the need for better 
models and for iaqproved data on the radiative properties of 
clouds and collections of clouds. AtmosptMric aerosols represent 
e research area where more information is needed, and another 
is the emissivity and absorptivity of the earth's surface as 
a function of season and location in all parts of the electromagnetic 
spectrum. 

For res»te sensing applications, the task group recommended 
a combination of ground-based and geostationary satellite 
r«Rote sounding observations to provide continuous monitoring of 
temperature, moisture# wind-velocity structure, all at the 
subsynoptic scale. A combination of passive microwave imagers on 
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fO»t>tionary Mtcllitas and Bierowav^ aanaora on low-altltuda 

aatallitaa will ^an thm posaibility of global monitoring of 
rainfall diatribntion. 

Cbi tba miorosoala, satallitaa oan ba uaad to gathar# 
proeasSf and eoenonicata data fron natworka of unmanned 
aanaora loeatad in ramota ragi«aa on the aartb'a aurfaca^ 
at aaa, in aircraft » or on balloona. Such a data-gatharing 
niaaion night not raquira a LARS ayatan, but ainca tfa are 
talking about raaaarch data» it would certainly ba appropriate 
and convaniant to uaa a dedicated raaaarch aatallita. 

Dr. wainnan pointed out to us that fr^ the standpoint 
of societal iapacts, the priority research areas should ba 
those that inpact food production and energy conauiaption . 

For the first, primary needs are to monitor precipitation 
over wide geographical areas, and to improve understanding 
of pi^ipitation processes, tfe also need a batter understanding 
of soil moisture behavior as a function of location and season, 
and water evaporation at the earth's surface. To better 
handle problou of energy %re need better seasonal forecasts, 
which ioqplies better climate modeling along with improved 
data on influences such as sea surface tmaperature an^uilies 
and ice coverage. 

Better monitoring of precipitation from space platforms 
entails development of ia^roved visual , infrared , and microwave 
techniques. Satellite boriie active radar presents many technical 
problems but would be potentially very useful. 
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12) Solar Inflttnc<« on tha Barth* « XtaioaphTt 

John A. Bddyy Vational Contor for Ataoaphorie Resoaroh# 

Bigh Altitudo obsorvatory, baadar 

Although tha aarth'a u^ar ataoaphara and nagnatoa^ara ara 
kaoim to raspoad ianadlataly and atrongly to chaagaa in aolar 
output in thosa ragicns of tha alactroautgnatie spaotanm whara 
solar radiation is highly variabla (BDV and X-Ray ) , and 
avidanea is convincing that tha ohaaistry of tha stratospl^ra 
rasponds to ehangas in tha OV ragion, tha rasponsa of tha lovar 
ataosphara is subtla# if it axists at all. ^a sana ranar)c applias 
to ataospharie rasponsa to straaas of anargatic solar particlast 
obvious changes in tha high upper ataosphara as avidancad by 
aurorae and aagnatic storas and substorasi subtle or non-axistant 
rasponsa, except for ehangas in alaetrical conductivity and alactrie 
field patterns, in tha loiiar ataosphara. 

Investigations of- tha influence of s^ta*: variability on tha 
loifar ataosphara have bean almost entirely in tha fora of 
searches for correlations batvaan indicators of solar variability 
and parameters characterizing weather or climate. Very few 
suggestions have bean made as to possible physical mechanisms 
and thosa that have bean suggastad hava not bean tied to 
tha correlations that hava baan noted. 

Tha NAS tas)i group on solar influance notas that it is cartainly 
time to stress physical coupling aachenisas and to da-aaphasize 
tha search for correlations. Theoretical and modeling analyses 
of possible physical linJes should point to tha sorts of observations 
that could lead to advances in this research area. BOwavar, 
certain quantities obviously should be monitored x 

1) Tha solar constant should be monitored to an accuracy 

of 0.1 par cant throughout at least one solar magnetic cycle (22 years). 

2) Tha EDV and QV regions of tha solar spectrum should be 
monitored to an accuracy of a few percent, since these wavelength 
regionr play a deteraining role in tha photochemical procaspc and 
t«zparature structure of tha earth's upper ataosphara. 
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3) Solar wind structure at the earth, including its 

nagnetic field, should be studied in detail, since many correlative 
studies appear to shr^v statistical correlations between lower 
atmospheric dynamics vorticity) and magnetic sector 

boundary crossings at. the earth. No physical mechanism has been 
suggested, and it may well be that the magnetic sectors are 
merely signals of solar variable phencmiena and ha^ in th^nselves 
no causal relationship to what has been observed. 

4) High-energy particle fluxes: composition, energy spectra. 

5) Global upper atmospheric electric current systems and 
auroral paurticle precipitation. 

6) Global distribution of thtuiderstorms , electrical 
conduCzivity, electric currents and fields. 

Although plans exist to monitor many of these quantities 
through the UAHS Program, and other planned satellite programs, 
the key to understanding possible solar-troposphere couplings 
will come through the ability to look for specific predicted 
atmospheric responses: chemical, dynamic, meteorological, that 
are keyed to specific sol 2 u: events. If such responses can be 
found, then the reliance on purely statistical correlations 
would be replaced by information relating to physical mech£Uiisms, 
and the whole subject would suddenly be given a sound footing. 

Dr. Eddy indicated to us that despite the great amount of 
effort at correlation between weather and climate events and 
solar phenomena, there still is nothing that is completely 
convincing. The most exciting recent development is the discovery 
of short term fluctuations in the total solar output. More 
research needs to be done before the reality of this phenomenon 
is firmly established, but if real it gives an important clue 
for a possible solar-troposphere coupling. In the LAHS context 
there is clearly a high priority to be placed on continuous 
monitoring of the solar output to high precision, and there also 
would be advantages to looking toward the earth and toward the 
sun simultaneously to search for cause-and-effect patterns. 

END 
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